We present results of our intra-night optical flux monitoring observations of S5 0716+714 done simultaneously in g ′ , R C and I C filters. The observations were done using Multicolor Imaging Telescopes for Survey and Monstrous Explosions (MITSuME) instrument on the 50 cm telescope at the Okayama Astrophysical Observatory over 30 nights between 11 March 2008 and 8 May 2008. Of these 30 nights, 22 nights have continuous (without any break) observations with duration ranging from 1 to 6 hours and hence were considered for intra-night optical variability (INOV). The remaining 8 nights have continuous observations of less than 1 hr and hence were considered only for long term optical variability (LTOV). In total we have 4888 datapoints which were simultaneous in g ′ , R C and I C filters. Of the 22 nights considered for INOV, the object showed flux variability on 19 nights with the amplitude of variability in the I C -band ranging from ∼4% to ∼55%. The duty cycle for INOV was thus found to be 83%. A good correlation between the light curves in all the three bands was found. No time lag between different bands was noticed on most of the nights, except for 3 nights where the variation in g ′ was found to lead that of the I C band by 0.3 to 1.5 hrs. On inter-night timescales, no lag was found between g ′ and I C bands. On inter-night timescales as well as intra-night timescales on most of the nights, the amplitude of variability was found to increase toward shorter wavelengths. The flux variations in the different bands were not achromatic, with the blazar tending to become bluer when brighter both on inter-night and intra-night timescales; and this might be attributed to the larger amplitude variation at shorter wavelengths. A clear periodic variation of 3.3 hrs was found on 1 April 2008 and a hint for another possible periodic variability of 4 hrs was found on 31 March 2008. During our 30 days of observations over a 2 month period the source has varied with an amplitude of variability as large as ∼80%.
INTRODUCTION
Blazars form a sub-group of radio loud AGN showing extreme variability at all wavelengths, high degrees of linear polarization and strong gamma ray emission. They include BL Lac objects as well as quasars with flat radio spectra. They show variability over a wide range of timescales both within a night and over longer terms. Several models have been proposed to explain their variability; the most commonly accepted one is the shock-in-jet model (Marscher ⋆ E-mail: stalin@iiap.res.in & Gear 1985) . Alternative models that probably apply under specific circumstances involve interstellar scintillation (Rickett et al. 2001) , microlensing (Schneider & Weiss 1987) , accretion disk instabilities (Mangalam & Wiita 1993; Chakrabarti & Wiita 1993) and binary black holes (Sillanpaa et al. 1988 ). However, the mechanism responsible for variability is not yet known conclusively.
Although optical variability on intra-night timescales is now a well established phenomenon for blazars (Miller et al. 1989; Carini et al. 1992 ; Noble et al. 1997; Stalin et al. 2005 ; Sagar et al. 2004) , its relationship to long-term variability remains unclear. Clues to this relationship could possibly come from monitoring the optical spectrum for correlation with brightness (Vagnetti et al. 2003 ). This will also enable better discrimination among the various models proposed for flux variability in blazars.
Since the early times of BL Lac research, a correlation between spectral slope and source intensity has been searched for (Gear et al. 1986 ). Several authors have studied the relationship of spectral changes to flux variations over the recent years (Takalo & Sillanpaa 1989; D'Amicis et al. 2002; Vagnetti et al. 2003; Fiorucci et al. 2004; Foschini et al. 2006; Zheng et al. 2007 ). D 'Amicis et al. (2002) reported that the spectra of all the eight BL Lacs in their sample showed a bluer when brighter trend. Similar results were obtained by Fiorucci et al. (2004) and Gu et al. (2006) also found that all the BL Lacs in their sample tend to be bluer when brighter. However some blazars are found to show anomalous spectral behaviour (Ramirez et al. 2004 ). For example, PKS 0736+017 showed a tendency for its spectrum to become redder when brighter both on inter-night and intranight timescales. Gu et al. (2006) found two of their three FSQSR to be redder when they are brighter. Villata et al. (2006) reported that the FSQSR 3C 454.3 generally had the redder when brighter behaviours during the 2004−2005 outburst. No bluer when brighter trend was noticed either on intra-night or inter-night timescales for S5 0716+714 (Stalin et al. 2006) , whereas BL Lac showed a bluer when brighter trend on intra-night intervals and a similar trend (although of less significance) on inter-night timescales (Stalin et al. 2006; Papadakis et al. 2007) .
It is generally considered that the optical spectral index variability and the bluer when brighter trend are common for BL Lac objects (Gu et al. 2006; Papadakis et al. 2007 ). Nevertheless, it is currently not clear if this trend is universal in blazars as some flat spectrum quasars show the opposite behaviour. This bluer when brighter trend could be easily explained if the luminosity increase was due to the injection of fresh electrons with an energy distribution harder than that of previously partially cooled ones (Kirk et al. 1998; Mastichiadis & Kirk 2002) . A second explanation for that trend posits short term fluctuations of only the electron injection spectral index (Bottcher & Reimer 2004) .
As blazars are variable in timescales as short as minutes, the colour variations of blazars available in the literature all of which are based on quasi-simultaneous multi-band monitoring have relatively less utility than those obtained by simultaneous multiband monitoring. Thus there is a need to have simultaneous monitoring observations of a sample of blazars to really resolve the bluer when brighter/redder when brighter issue. Here we report new observations on the blazar S5 0716+714, which is one of the most studied sources for variability across the electromagnetic spectrum (Wagner et al. 1996; Kraus et al. 2003; Bach et al 2005; Bach et al. 2006) . This blazar also has been observed repeatedly in various multifrequency campaigns (Wagner et al. 1990; Wagner et al. 1996; Tagliaferri et al. 2003; Raiteri et al. 2003) and is known to be extremely variable (∼hours to months at radio and X-ray bands). In the optical S5 0716+714 is identified as a BL Lac but with an unknown redshift. A redshift of z> 0.3 was deduced using the limits on the surface brightness of the host galaxy (Quirrenbach et al. 1991; Stickel et al. 1993; Sbarufatti et al. 2005) . Nilsson et al. (2008) claim z = 0.31 ± 0.08 for S5 0716+714.
The structure of the paper is as follows. Section 2 discusses the observations and reductions. The analysis of the data is detailed in Section 3 and the results are given in the final section.
OBSERVATIONS AND REDUCTIONS
Observations were carried out using the MITSuME 3 band (g ′ RC IC) simultaneous imager on the 50 cm telescope at the Okayama Astrophysical Observatory (Kotani et al. 2005) . Observations were done over a total of 30 nights with duration of observations ranging from 1 to 6 hours. MITSuME has three dichroic mirrors to divide the incident beam into three ones. It has been known that these dichroic mirrors (inclined to the incident beam by 45 degrees) produces instrumental polarization of, at most, 1.2%, 2.0% and 6.2% at g ′ , RC and IC bands, respectively. This gives a photometric uncertainty up to 1.2p%, 2.0p% and 6.2p%, respectively, where p is the degree of the intrinsic polarization of the object. However, the observed polarization of S5 0716+714 during the observation period was 0.15 (Mahito Sasada et al., private communication) and thus the estimated error is negligibly small, 0.003 mag even in IC band.
The observational errors are estimated from the rms differential magnitudes between the two comparison stars
where mi = mc − m k is the differential magnitude of the comparison star and the check star,m is the differential magnitude averaged over the entire data set, and N is the number of observations on a given night. For each night the typical rms error ranges between 0.003 mag in IC to 0.01 mag in g ′ band. The log of observations along with the average differential magnitudes between the quasar and the comparison star, comparison star and check star and their associated errors in g ′ RCIC bands are given in Table  1 . An asterisk against dates in Table 1 denotes the nights for which the duration of continuous observation is less than 1 hour and are not considered for intra-night optical variability analysis. Those nights are only considered for long term variability analysis.
ANALYSIS

Intra-night optical variability (INOV)
A total of 30 nights of observations were carried out on the source. Of these, data on 8 nights were noisy and also have continuous duration of observations less than 1 hour. These 8 nights were hence used only for long term optical variability (LTOV) analysis. Thus for INOV analysis we consider only 22 nights. To check for variability, we first constructed two differential light curves (DLCs), one between the blazar and a comparison star (C) and the other between the comparison star (C) and a check star (K). Comparison and check stars are chosen such that they are non-variable on each particular night. To say if S5 0716+714 has shown INOV in a given night, we have employed the statistical criterion of Jang & Miller (1997) . This is based on a parameter C defined as C Table 1 . Log of observations of S5 0716+714. Here Npts is the number of data points and the number in parenthesis in this column is the number of data points in 6 minute interval. Q−C and σ Q−C are the average differential magnitudes and their associated errors between the blazar and the comparison star. Similarly C−K and σ C−K are the average differential magnitudes and errors respectively between the check star and the comparison star 
. The source is classified as variable on any given night if C > 2.567 and non-variable otherwise. This corresponds to > 99% confidence level in variability. To test for the variability of the source, we have used only the IC band data as it has the largest S/N compared to the data in g ′ and RC bands. On each night, the typical rms error in IC-band was 0.003 mag. This is much lower compared to the corresponding rms error values of 0.007 and 0.01 in RC and g ′ bands respectively. The values of C estimated from the IC band, the nightly variability status, duration of observations and nightly variability amplitudes are given in Table 2 . From Table 2 it is clear that of the 22 nights considered for INOV, the object is clearly variable on 19 nights. The DLCs of the object on all the 22 nights are given in Figures 1 and 2 . However, we also estimated the C parameter for g ′ and RC bands as well. The object passed the variability criteria in all the three bands for a total of 11 nights. On 5 nights it was variable on both RC and IC bands and on 3 nights it was variable when only the IC band data was considered.
Variabiltiy amplitude
We define the amplitude of variability following Romero et al. (1999) 
where Dmin and Dmax refer to the minimum and maximum in the differential light curve of the object relative to a comparison star present on the same CCD frame and σ 2 is the standard deviation in the differential light curve of the comparison and check stars as given in Eq. 1. As the errors are subtracted from the total measured variability, this expression for ψ gives a fairer estimate of the true amplitude of variability in the source. The values of ψ for each nights of observations in the three bands are given in Table 2 .
Duty cycle of variability
The duty cycle for S5 0716+714 is calculated as (Romero et al. 1999 )
(1/∆ti) % (3) where ∆ti = ∆t i,obs (1 + z) −1 is the duration of the observation of the source corrected for the cosmological redshift of the i th night. Ni equals 0 if the object was non-variable and 1 if it was variable during ∆ti. On the 22 nights having duration of observations between 1 and 6 hrs considered for INOV, the object was variable on 19 nights. This leads to an estimation of the duty cycle of variability of ∼83%. This is similar to the duty cycle of INOV shown by blazars ).
Cross correlations
We have used the Discrete Correlation function (DCF) method of Edelson & Krolik (1988) to check for any time lag between g ′ and IC bands. Here we first calculated a set of unbinned DCFs defined as
where ai and bj are the observed differential magnitudes in the two different filters andā,b, σa and σ b are respectively the mean and standard deviation of the DLCs in the respective filters. DCF(τ ) is obtained by binning the results in τ . Averaging over M pairs for which τ −δτ /2 δtij < τ +δτ /2 gives
The errors in the DCF are estimated using
The position of the maximum in the DCF is estimated using the centroid (τc) of the DCF, given by
This centroid is estimated for points which are within 80% of the peak value of the DCF. Some examples of the computed DCF between g ′ and IC band are shown in Fig. 3 . Of the 19 nights the object showed INOV, there is a clear indication of a time lag between g ′ and IC bands with durations of 0.3 to 1.6 hrs on 3 nights. However, on other nights the non-existence of a time lag might be because of correlating a poor quality g ′ lightcurve with a relatively better quality IC band lightcurve. The DCF peak and centroid values are given in Table 3 .
Variability timescale and periodicity
The presence of periodic or quasi-periodic variations in the lightcurves of blazars may provide evidence for accretion disk based models like accretion disk pulsation (Chakrabarti & Wiita 1993) and orbiting hot spot on the accretion disk (Mangalam & Wiita 1993) . In jet based models too, periodic variations can arise from jet precession and jet rotation (Reiger 2004; Camenzind & Krockenberger 1992; Gopal-Krishna & Wiita 1992) . Some reports on the presence of periodic or quasi-periodic variations in blazars are available in literature. Gupta et al. (2009) found good evidence for optical periodic variations in S5 0716+714 ranging from ∼25 to ∼73 minutes. Few other blazars also have shown evidence for periodic variations in their optical lightcurves. In OJ 287, on intra-night timescales, 23 min and 32 min periodicity were reported by Carrasco et al. (1985) and Carini et al. (1992) respectively. On inter-night timescales, a quasi-periodicity of 0.7 days seemed to be present in PKS 2155−304 (Urry et al. 1993) . Hints for hour like timescale periodic variations were reported for the blazars 0851+202, 0846+513 and 1216+010 by Stalin et al. (2004) . To look for possible periodicities in the new observations on S5 0716+714, we have used the first order structure function. The first order structure function is also used to find the variability time scale of the source. This is defined as (see Simonetti et al. 1985 )
where τ is the time lag, N (τ ) = w(i)w(i + τ ), the weighting function w(i) is equal to 1 if a measurement exists for the i th interval and 0 otherwise. Each point in the SF is associated with an error defined as
where, σ 2 δX is the measured noise variance. To estimate the SF, the data set was first transformed into uniform intervals sampled every 6 min. A typical time scale in the light curve (i.e., the time between a maximum and a minimum or vice versa) shows up as a local maximum in the SF. In the case of a monotonically increasing SF, the source possesses no typical time-scale smaller than the total duration of observations. A minimum in the SF indicates the presence of possible periods in the light curve. For SF analysis also we have used the IC band data as it has the lowest errors of the three bands. Nightly variability timescales ranging from 0.1 to 5.3 hrs were found for the source. From SF analysis, on the 19 nights the object has shown variability, hints of quasi-periods were found on 9 nights. Of these 9 nights, clear evidence for periodic variation with 3.3 hrs was found on 1 April 2008. Also there is evidence of a possible periodic variation with a period of 4.0 hrs on 31 March 2008. This is cleary seen in the lightcurves shown in Fig.2 and is further supported by the Discrete Correlation Function analysis of the IC band data with itself (autocorrelation). The presence of strong peaks in autocorrelation apart from the one near zero indicate a periodicity. The autocorrelation was also similar to the DCF plots shown in Fig.3 . The results of the SF are given in Table 3 and few examples of the SF plots are shown in Fig. 4 . 
Colour Variations
From the differential instrumental magnitudes of the blazar relative to the comparison star, standard magnitudes of the blazar were obtained considering the standard magnitudes of g ′ = 12.45 mag., RC = 12.08 mag. and IC = 11.76 mag. for the comparison star. To check for colour evolution, the g ′ − IC colours were computed and plotted against the g ′ -band magnitudes. The colour magnitude diagrams for all the 19 nights when the object showed INOV are shown in Fig. 5 . Also shown in Fig. 5 are the unweighted linear least squares fit to the data. Results of this linear regression analysis are given in Table 4 . Clear evidence for a bluer when brighter trend was found on most of the nights.
Inter-night variability
The DLCs showing the inter-night variability are shown in Fig. 6 . The source was found to vary upto 0.8 mag during the period of observations between 11 March 2008 and 8 May 2008. On inter-night time scales too, the amplitude of variability was found to increase toward shorter wavelengths as can be seen in Table 5 . The object has shown correlated variability in all the three bands in inter-night timescales as well. The DCF between g ′ and IC bands on inter-night timescales is shown in Fig. 7 . We found no lag between the g ′ and IC bands. In Fig. 8 is shown the colour (g ′ − IC) magnitude (Ic) diagram of S5 0716+714 on inter-night timescales along with an unweighted linear least squares fit to the data. A bluer when brighter trend was found.
SUMMARY
The presence or absence of a bluer when brighter trend in blazars on inter-night and intra-night timescales can provide interesting clues to the origin of blazar activity from hour like to much longer timescale. Such a study on the spectral variability in blazars also will help to constrain various models proposed for blazar activity. This relationship between the optical spectral variability and brightness variations in blazars have been investigated by many authors (Speziali & Natali 1998; Papadakis et al. 2003; Raiteri et al. 2003; Villata et al. 2004; Wu et a. 2005; Stalin et al. 2006 ). The results of such studies are contrary to each other. To address this issue, we have presented here high temporal resolution, simultaneous g ′ RCIC band photometric monitoring observations of the blazar S5 0716+714 on 30 nights between 11 March 2008 and 8 May 2008. The results of our observations are summarized as follows (i) The object was active during our whole monitoring period and showed variability both on intra-night and internight timescales. During individual nights, the amplitude of variability ranges from 4% to 55%. On inter-night timescale, the source has shown a variability as large as 80% during the whole monitoring period (ii) Of the 22 nights considered for INOV, the object showed variability on 19 nights with an estimated duty cycle of variability of 83%. The amplitide of variability was found to be larger toward shorter wavelengths, both on inter-night and intra-night timescales (iii) On the nights the object showed INOV, the timescale of variability was found to be between 0.1 hr and 5.3 hrs. Also on 9 nights evidence for quasi-periods were found with periods ranging from 0.9 to 4.3 hrs. Clear evidence for periodic variations with a period of 3.3 hrs was found on 1 April (iv) No evidence for time lag was found between g ′ and IC bands on most of the nights, except for three nights, when the g ′ band was found to lead the IC band with durations from 0.3 to 1.6 hrs. However, on inter-night timescales, no time lag was found between g ′ and IC bands.
(v) The object showed clear colour variation, in the sense the object became bluer when brighter on both intra-night and inter-night timescales.
Several models have been proposed to explain the flux variability in blazars. They are broadly grouped into two categories namely intrinsic and extrinsic. Models invoking extrinsic mechanisms as the cause of variability include interstellar scintillation (Rickett et al. 2001 ) and gravitational microlensing (Schneider & Weiss 1987 ; Gopal-Krishna & Subramanian 1991). Interstellar scintillation can be active at low radio freqencies as it is highly frequency dependent. The optical INOV seen in S5 0716+714 cannot thus be caused by interstellar scin-tillation. Gravitational microlensing results in symmetric lightcurves and is also an achromatic process. The clear bluer when brighter chromatism seen in S5 0716+714 both on inter-night and intra-night timescales is thus not due to microlensing. These observations as well as the close correlations between the optical and radio bands seen in S5 0716+714 (Quirrenbach et al. 1991) argues strongly against an extrinsic origin of variability. The two other major classes of models for intrinsic origin of AGN variability are those involving accrection disk instabilities (Mangalam & Wiita 1993) and those involving shocks in relativistic jets (Marscher & Gear 1985) . The shock-in-jet model is the most commonly used model to explain variability in blazars where relativistic jets are present. In this model time lag between various wavelength bands are expected. In our observations no evidence of a lag between g ′ and IC bands was found on most of the nights. This might be due to the poor quality of the g ′ band data compared to the IC band for correlation analysis. Investigations on flux variability on blazar sources, have revealed evidence of periodicity in different timescales in few cases (Gupta et al. 2009; Carrasco et al. 1985; Carini et al. 1992; Stalin et al. 2005 , Wu et al. 2005 . The detection of quasi-periodicity or periodicity on intra-night timescales can be most explained by accretion disk based models (Mangalam & Wiita; Chakrabarti & Wiita 1993; Espailat et al. 2008) . In the context of shock-in-jet model too, periodicity in blazar lightcurves can be of geometrical origin namely orbital motion in a binary black-hole system, jet precession and jet rotation (Reiger 2004; Camenzind & Krockenberger 1992; Gopal-Krishna & Wiita 1992) and their variations are achromatic (Wu et al. 2005 ). In our observations on the nights when quasi-periodicities were found and on the two nights when clear sinusoidal variations were found, the variations were highly chromatic. The presence of spectral variations thus imply that the observed variations are not caused by geometric effects. Our observations on the variability in S5 0716+714, the bluer when brighter trend and the increase of the amplitude of variability towards shorter wavelenghts appear to be more consistent in terms of shocks propagating in the relativistic jet of S5 0716+714. Recently Dai et al. (2009) noted that among blazars, BL Lacs show a bluer when brighter trend whereas, FSQSRs show a redder when brighter trend. This might indicate the existence of different physical conditions in these two subclasses of blazars. Further simultaneous observations of a matched sample of BL Lacs and FSQSRs are needed to fully resolve the question of the ubiquity of the bluer when brighter trend in blazars.
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